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(54) Title: ELECTRIC DRIVE RIDING MOWER 
(57) Abstract 

An electric drive mower (2) includes an electric traction 
I drive as well as electric drive to the cutting units carried on 
1 the mower. A hybrid electric drive system supplies electric 
power to these motors. The electric drive system includes 
a genset (43) (an internal combustion engine (40) driving an 
electrical power generating device such as an alternator (42)) 
and a battery pack (44) which supply the electric power to the 
electric motors either individually or jointly. A switch may 
be provided to^ermit all battery operation of the mower. A 
i steering system having a non-powered pump (212) is used to 
effect steering of the steerable wheel(s) of the mower to avoid 
having a heated oil damage the turf in the event of a lca ^ A 
crankshaft (306) driven by a single electric drive motor (301) 
is linked to all the cutting units through various crankarm and 
connecting rod linkages to lift and lower the cutting units in a 
timed manner. 
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ELECTRIC DRIVE RIDING MOWER 

Cross Reference 
to Relat ed Applications 

This application claims the benefit of one or more previously filed 
copending provisional applications identified as follows: Application 
Serial No. 60/011,450 filed February 9, 1996. 

, „. ; . , Technical Fiel<T - ; :.r > • " ;; ^ ; . ; 7' 

This invention relates to a hybrid internal combustion 
engine/electric drive system for turf maintenance vehicles such as riding 
mowers, to a steering system for such vehicles, and to a lift and lower 
system for the turf maintenance operating units, such as cutting units, 
carried on such vehicles. 

Background of the Invention 

U.S. Patent 2,057,417 to Clapper, assigned to the assignee of this 
invention, discloses a riding mower having electrically driven cutting 
reels. An internal combustion engine drives a generator which supplies 
the electrical current for operating the electric motors that power the 
cutting reels. However, the drive wheels of the mower are mechanically 
driven ^from the engine. Accordingly, the engine must be continuously op- 
erated to drive the vehicle, which is undesirable in certain circumstances 
because of the noise and/or pollution generated by the engine. 

U.S. Patent 5,406,778 to Lamb et al. shows a riding mower in which 
the cutting reels and the traction drive are both electrically operated 
from batteries carried on the mower. There is no internal combustion 
engine provided on the mower, the only source of power being the bat- 
teries. While the mower is quiet during operation, it has limited range 
and usefulness due to the battery power source. This is particularly true 
because of the large energy drain imposed on the batteries to operate the 

is 

traction drive. // 

>' 

Neither of the riding mowers disclosed in these patents is as effec- 
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tive as is desired for meeting the need for a quiet mower having adequate 
range and usefulness. The Clapper mower requires the use of an internal 
combustion engine sized sufficiently large to meet the peak horsepower 
needs of the mower, as when the mower is being driven at relatively high 
speed up a hill. Thus, the relatively large engine on the Clapper device 
generates a high level of undesirable noise. While the Lamb et al. mower 
may be quiet, it must be frequently recharged, limiting its usefulness. 

Summary of the Invention 



One aspect of this invention is to provide a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground. At least one electric motor is operatively connected to at least 
one of the ground engaging wheels for propelling the wheel to provide 
traction for the frame. At least one operating unit is carried on the 
frame for performing a curf maintenance operation. At least one electric 
motor is operatively connected to at least one operating unit for powering 
the operating unit. Finally, an electric drive system is carried on the 
frame for providing electric power to the electric motors. The electric 
drive system comprises an internal combustion engine, an electric power 
^generating device mechanically driven by the engine for supplying electric 
power, a battery power source for 'supplying electric power; and means for 
connecting the electric motors to the electric power generating device and 
to the battery power source to allow electric power to be supplied to the 
electric motors from either or both of the electric power generating 
device and battery power source. 

' Another aspect of this invention relates to a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground, wherein at least one of the wheels is steerabie to allow the frame 
to be turned- A steering system for steering the^steerable-wheel is pro- 
vided, which comprises at least one steering control adapted to be selec- 
tively moved by a user of the machine, a pump operatively connected to the 
steering control such that movement of the steering control serves as a 
motive force for pumping a fluid out of one side or the other of the pump 
as the user operates the steering control, and a cylinder having a piston 



SUBSTITUTE SHEET (RULE 26) 



WO 97/28681 



PCT/US97/01853 



- 3 - 

mechanically linked to the steerable wheel, the cylinder being fluidically 
coupled to the pump such chat fluid flow from the pump acts on the piston 
to cause the piston to move in and out of the cylinder to thereby steer 
the steerable wheel. 

A third aspect of this invetion relates to a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground. A plurality of operating units are carried on the frame for per- 
forming a turf maintenance operation. A lift and lower system is carried 
on the frame for raising and lowering the operating units, wherein the 
lift and lower, system comprise^ ^ plurality, of; 

crankarm and connecting rod linkages for connecting each of the operating 
units to the crankshaft, and means for rotating the crankshaft such that 
rotation of the crankshaft in a first increment of rotation raises the op- 
erating units and rotation of the crankshaft in a second increment of 
rotation lowers the operating units. 

Brief Description of the Drawings 

This invention will be described more completely 7 in the following 
Detailed Description, when taken in conjunction with the following draw- 
ings, in which like reference numerals refer to like elements throughout. 

Fig. 1 is a perspective view of a typical riding turf maintenance 
vehicle to which the drive system of this invention, is applied, such 
vehicle comprising a riding greens mower; 

#ig. 2 is a block diagram of a first embodiment of a drive system 
according to this invention applied to the turf maintenance vehicle of 
Fig. 1; 

Fig. 3 is a perspective view of a another riding turf maintenance 
vehicle to which the drive system of this invention is applied, such 
vehicle also comprising a riding greens mower having a different con- 
figuration than the mower shown in Fig. 1; 

Fig. 4 is a plan view of the front face of, a control console used on 

the vehicle shown in Fig. 3; 

Fig. 5 is a schematic view of a second embodiment of a drive system 
according to this invention which may be applied to either of the /urf 

maintenance vehicles of Fig. 1 or Fig. 3; 

' . 1 
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Fig. 6 is a schematic view of a internal combustion engine/generator 
combination or "gensef that may be used in the drive system of this in- 
vention; 

Fig. 7 is a perspective view of a steering system that can be used 
with a vehicle equipped with the drive system of this invention; 

Fig. 8 is a perspective view of a lift and lower system for the turf 
maintenance operating units carried on the vehicles shown in Fig. 1 or 
Fig. 3; and 

Fig- 9 is a side elevational view of the lift and lower system of 

Fig. e. " ' ■■■ ■ •' •"• ' 7 ■ ' ■ • : - • • • ' - ' 



The Mower and Drive Syste m of Firs. 1 and 2 

This invention relates to a self-propelled lawn mower having an 
electric drive for powering the drive or traction wheels as well as power- 
ing the cutting unit(s) carried on the lawn mower. 

Referring to Fig. 1. which is a perspective view of a mower 2 ac- 
cording to this invention, mower 2 includes a frame V which carries a 
plurality of ground engaging wheels 6 for allowing frame 4 to traverse 
over the ground. In that version of mower 2 shown in Fig. 1. wheels 6 are 
arranged in a "tricycle configuration, with two wheels 6a and 6b being ar- 
ranged at a forward portion of frame 4 and a single wheel 6c being ar- 
ranged^ at a rearward portion of frame 4. Front wheels 6a and 6b are 
rotatably carried on frame 4 by stub axles 7 while rear wheel 6c is 
rotatably carried on a pivotal yoke 16 by a through axle 8. 

Frame 4 carries an operator seat 10 for allowing an operator to ride 
on mower 2. Foot rests 12 are provided on frame 4 for the operator's 
fee^t. A treadle type traction pedal 13 can be provided on one foot rest 
12 -for allowing the speed and direction of movement of frame 4 to be con- 
trolled "by the operator i^elg /stepping on the front of the pedal obtains 
forward motion of frame 4 and stepping on the rear of pedal obtains 
reverse motion of frame 4. Traction pedal 13 is shown in Fig. 2. A brake 
pedal (not shown in Fig. D can be provided on one of the foot rests/for 
allowing the operator to stop the movement of frame 4 using any conven- 
tional braking system. Other conventional controls can also be provided. 
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e.g. a control for starting and stopping the cutting units, a control for 
raising the cutting units off the ground, a parking brake, etc. 

A steering wheel 14 is provided on frame 4 which the operator can 
grip and turn to guide the movement of mower 2. Steering wheel 14 is 
preferably linked by any conventional steering linkage or system (e.g. a 
mechanical or hydraulic steering system) to a yoke 16 which carries rear 
wheel 6c with yoke 16 being rotatable on frame 4 about a generally verti- 
cal axis. Thus, operation of steering wheel 14 rotates rear wheel 6c 
about the vertical axis of yoke 16 to steer mower 2. 

Front wheels 6a and 6b comprise the drive or traction wheels that 
are used to propel the- frame In forward andv.reyerse directions, Separate 
electric drive motors 18, one for each wheel 6a and 6b, are carried on 
frame 4 and are linked to each wheel 6a and 6b through a mechanical drive 
reduction 20 of any known type. Thus, each front drive wheel 6a and 6b is 
independently driven by its own separate electric drive motor 18 and me- 
chanical drive reduction 20 (e.g. a 30:1 chain or gear reduction drive). 
Drive motors 18 for drive wheels 6a and 6b can comprise General Electric 
BC58 series wound DC electric motors that develop 1.5 HP at 4200 RPM. 

A plurality of cutting units 30 are carried on frame 4. In the ver- 
sion of mower 2 illustrated in Fig. 1, such cutting units are arranged in 
a triplex configuration of the type often used in riding greens mowers. 
Two cutting units 30a and 30b are arranged forwardly of frame 4 in advance 
of front wheels 6a and 6b. A third cutting unit 30c is also arranged at 
the forward portion of frame 4 to be located generally betweenfront 
wheels 6a and 6b. Thus, easy access can be had to the grass collection 
basketS 35 of cutting units 30a- 30c without having to make special provi- 
sion for gaining access to the basket 35c of third cutting unit 30c. Such 
basket 35c can simply be lifted up for dumping similarly to the baskets 
35a and 35b on the front cutting units 30a and 30b. 

Each of the cutting units 30a- 30c as shown herein preferably com- 
prise reel type cutting units having a rotatable cutting reel 32 that 
sweeps grass against a sharpened bedknife (not shown) for cutting. Such 
cutting units have front and rear rollers (also not shown) that allow the 
cutting units to rest on and roll over the ground during operation of the 
cutting units as the cutting units are pushed forwardly by the propulsive 
force of frame 4. Cutting units 30a-30c are suspended from frame bv/ any 
suitable suspensions 34 to allow the cutting units to float relative to 

1 ' ! 
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the ground during operation, and to~ raise cutting units 30a-30c up above 
the ground into a raised non-operative position for higher speed transport 
of frame 4. Each cutting unit 30 includes a grass collection basket 35 
releasably carried on the front thereof in any known manner. Basket 35 
collects the grass clippings cut by the cutting unit and may be periodi- 
cally lifted up and removed from the cutting unit for dumping such clip- 
pings . 

Each cutting unit 30a- 30c is also electrically driven. An individu- 
al electric motor .36 .is carried on the frame of each cutting unit and is 
operatively connected to the shaft of cutting reel 32 by a mechanical 
drive reduction 38. Thus, as electric motor 36 rotates, the cutting reel 
32 is also rotated but at a slower speed due to the mechanical drive 
reduction 38 interposed between reel 32 and motor 36. While a drive 
reduction 38 may be used, a 1:1 drive arrangement may also be used between 
cutting reel 32 and motor 36 such that reel 32 rotates at the same speed 
as motor 36. Each cutting unit 30 has its own electric motor 36 and drive 
reduction 38, though the motor 36 for cutting unit 30c is not visible in 
Fig. 1 as it is hidden in that view. Motors 36 for cutting reels 32 can 
comprise Scott Motors 4BB-X835 permanent magnet 48V DC motors that develop 

3/4 HP at 3000 RPM. 

Each cutting unit motor 36 is preferably mounted on the frame of 
cutting unit 30 at the back thereof. This mounting arrangement is pos- 
sible due to the drive reduction 38 or other* 1:1 drive transmission that 
connects motor 36 to reel 32. This mounting arrangement is advantageous 
in that cutting unit 30 is better balanced than if motor 36 were mounted 
sticking out to one side or the other of the cutting unit. Placing motor 
36 on the cutting unit frame between the sides of the cutting unit, and 
preferably placing such motor 36 about midway between the sides of the 
cutting unit., does not significantly disturb the cutting unit balance and 
th H s does not affect the quality of cut provided by the cutting unit. In 
. addition,, mounting motor 36 in the fashion shown in Fig. 1 and as de- 
scribed herein does not "increase the' width' of "mower 2 "or "interfere With 
close trimming by mower 2 in which one of the front cutting units 30a or 
30b is located close to an obstruction. ■ 

Referring now to Fig. 2. which is a block diagram of the drive ^sys- 
tem for mower 2. an internal combustion engine 40 is carried on fr^ne 4 
along with, a generator or alternator 42 coupled to the engine 40 for gen- 

j 
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erating electrical power, the engine/generator combination typically being 
known and referred to as a. genset and illustrated herein as genset 43. 
Engine AO is coupled only to generator 42. It does not drive the traction 
wheels 6a and 6b or any of the cutting units 30 directly. Referring to 
Fig. 1, genset 43 can be mounted to frame 4 in any convenient manner, e.g. 
by being slung or suspended from beneath frame 4 as shown or being en- 
closed inside some type of shroud or body that is carried on frame 4. One 
type of genset 43 that can be used is an Onan Microlite 48V DC genset de- 
veloping 4000 watts of power with a 9 HP internal combustion engine 40. 

A plurality of electrical storage batteries are also carried on 
frame 4 in a battery pack. 44. For example . - four 12V lead. acid. Delco VR1A 
batteries can be used to provide a 48V DC supply. Battery pack 44 is not 
shown in Fig. 1. but again is carried on frame 4 in any convenient loca- 
tion. Preferably, battery pack 44 will be enclosed in a shroud or pod 
that is part of or attached to some portion of frame 4. 

In the drive system shown in Fig. 2, the battery pack 44 is con- 
nected to generator 42 to allow generator 42 to charge the batteries dur- 
ing operation of engine 40. In addition, the drive motors 36 for cutting 
units 30 and drive motors 18 for front wheels 6 are wired to generator 42 
and battery pack 44 to allow electrical energy to be supplied to the 
motors 18 and 36 directly from the generator 42, directly from battery 
pack 44, or from both simultaneously, as needed during the operation of 
mower 2 . 

Referring further to Fig. 2, a DC dual motor electronic controller 
50 receives inputs from traction pedal 13 and steering "Wheel 14 to 
determine how much power (and in what proportion and direction) to send 
each wheel motor. Thus, for example, input from traction pedal 13 is used 
to regulate the speed of rotation and direction of rotation of each wheel 
motor 18. For example, the operator can manipulate traction pedal 13 to 
signal forward movement in which case the motor controller 50 causes the 
wheel motors 18 to rotate in a forward direction and at a speed as sig- 
nalled by the relative position of traction pedal 13. If the operator 
seeps on the back of traction pedal 13 rotating it reversely from neutral, 
then traction pedal 13 is signalling for reverse movement and the motor 
controller 50 will reverse the direction of the wheel motors 18 and regu- 
late their speed in accordance with how far back traction pedal 13 is 
pushed in its reverse direction. 

! ' 
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The motor controller 50 also received ih"lnput from' steering wheel 
14, or from some other portion of the steering system, indicating whether 
or not a turn is being attempted and the degree of the turn. While steer- 
ing wheel 14 is linked to the rear wheel yoke 16 to effect turning or 
steering of mower 2, it is preferable to vary the relative wheel speeds of 
the front wheel motors 18 during a turn to effect a differential like ac- 
tion and allow the wheel 6a or 6b on the outside of the turn to rotate 
faster than the wheel 6a or 6b on the inside of the turn. This is done in 
mower 2 through motor controller 50 which varies the wheel speeds of the 
individual wheel motors 18 in the right proportion during a turn to effect 
a differential action during a turn and thereby prevent skidding of the 
wheels 6a and 6b and the consequent tearing up or destruction of the turf. 
Preferably, during a turn, the outside wheel 6 is kept rotating at the 
same speed as before the turn while the inside wheel 6 is slowed by motor 
controller 2. thus effectively slowing mower 2 down during a turn, to en- 
hance safety and stability of mower 2. 

Preferably, a feedback control system is employed in which zhe ac- 
tual RPM of the each wheel motor 18 is sensed and reported back to motor 
controller 50 as indicated by the feedback loops at 52 in Fig. 2. This 
information is used to ensure that the instantaneous speed of each wheel 
motor 18 is what it should be to thereby ensure that the wheel motors 18 
. are turning at the right speeds. However, such feedback loops 52 could be 
dispensed with if so desired and an "open loop" system used." ' 

Motor controller 50 can comprise a ZAP1 model Bl controller which 
can bemused to control two 48V DC wheel motors 18. Such a controller in- 
cludes" means for effecting the electronic differential action referred to 
above, is programmable, and also provides for regenerative braking. With 
such a controller, when the drive wheels 6a and 6b are turning faster than 
the programmed speed, i.e. when going down a hill, the wheels motors 18 
are braked to reduce their speed with the energy derived from such braking 
being used to recharge battery pack 44. Instead of a single motor con- 
troller 50 for controlling both wheel motors 18 , V Separate motor control- 
ler 50 could be used to control only one motor 18 with a microprocessor 
receiving the input information and coordinating the electrical power dis- 
tribution. Such a system is shown in Fig. 5 and will be described .more 
fully in conjunction with that figure. / 

Another electronic controller 60 is used to control the application 
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of electrical power to che cutting unit drive motors 36 . Controller 60 
can comprise a Curtis Model 1204-1146 48V. 175 Amp electronic controller. 
This controller can receive an input from the operator to allow the motors 
36 to be started and stopped and to allow the speed of the motors 36 to be 
adjusted up or down. Drive motors 36 could be driven in reverse for back- 
lapping. Moreover, drive motors 36 could be driven at variable speeds 
during operation, under the control of a programmable microprocessor, to 
match the instantaneous speed of the reels 32 to the instantaneous forward 
speed of mower 2 for clip control. 

While a single controller 60 has been shown for controlling cutting 
units 30, in some cases it may be. desirable to allow the speed of the 
motors 36 to be adjusted separately from one another (e.g. the drive motor 
36 for cutting unit 30c could be adjusted to rotate at a different speed 
from the drive motors 36 for the other cutting units). In this case, a 
separate electronic controller 60 would be used for each motor 36. More- 
over, drive motors 36 could be run at a single speed with no electronic 
controller 60 being used. Instead, an on/off switch or similar control 
would be used simply to allow the motors 36 to start and stop their opera- 
tton. 

A feature of mower 2 is the use of a genset 43 which is large enough 
to supply substantially all and preferably slightly more than the average 
energy needed for operation of mower 2. i.e. for operation of cutting 
units 30 and for propelling frame 4 over flat terrain and in normal cut- 
ting conditions at an average cutting- speed However, genset 43 is 

preferably made too small to supply all the energy needed during peak en- 
ergy^usage, i.e. when mower 2 is climbing hills, travelling at a high rate 
of speed, cutting in extremely difficult cutting conditions (long and wet 
-grass), or dethatching or brushing a green. The battery pack 44 then sup- 
plies the additional electrical energy that is required to make up the 
difference between the instantaneous peak usage of mower 2 and the energy 
output from genset 43 alone. 

One advantage of this arrangement is that it allows for a smaller 
and less costly engine to be used in genset 43 as the engine is not by it- 
self required to have sufficient power for the highest peak energy usage 
conditions. For example, if a 14-16 HP engine would normally be required, 
a 6-10 HP engine may now suffice. The engine should be sized to substan- 
tially meet and slightly exceed the average energy needs experienced by 
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mower; 2 during* operational thrpeak needs then -being' met by stored energy 
from the battery pack 44. In addition, even if a larger engine is still 
used, i.e. the same 14-16 HP engine used on a conventional mower is still 
used on mower 2, such an engine can be run at much reduced load, e.g. at 
half speed, which is also much quieter than an engine that must run at 
full load. 

Another advantage of the genset 43/battery pack 44 arrangement is 
that engine 40 is sized such that the battery pack 44 will often be 
recharged during the usual operation of the mower 2 and need not await 
completion of the mowing operation for recharging. Thus , when mower 2 is 
operating at less than the average energy levels that are then being sup- 
plied by genset 43, the excess energy, i.e. the amount by which the genset 
output is then exceeding the energy draw from mower 2, will flow into and 
recharge the battery pack 44. Thus, during normal operation of mower 2, 
considering that the energy draw from mower 2 will at times be less than 
the output of genset 43 (i.e. the battery pack 44 is being charged) and at 
other times may be more than the output of genset 43 (the battery pack 44 
is being drained) , the mower 2 may well finish a mowing operation with the 
batteries being more charged, or as well charged, as when the mowing oper- 
ation began. Thus, in many cases, it would not be necessary to plug the 
battery pack 44 into a charger, or to plug an onboard charger into an out- 
let, at the conclusion of a mowing operation. However, it would also ob- 
~vibusly be' possible* to "use"; such "a 'charger to "replenish the batteries in 
the battery pack 44 if they end a mowing session in a drained or depleted 
condition. Alternatively, one could simply allow engine 40 to run for a 
period %£ time with mower 2 sitting in an idle mode to allow genset 43 to 
recharge battery pack 44 . 

The genset combination just referred to is one in which the engine 
40 runs continuously during operation of mower 2. This is one approach 
envisioned in the mower 2 of this invention. Because engine 40 is smaller 
than what would normally be required, it is somewhat easier to enclose 
and/or muffle such engine so that the noise generated thereby satisfies 
even stringent conditions. Such a "full time" genset with a small, highly 
muffled engine 40 could be used even when the extreme quiet of an all 
electric mower might be preferred. $ 

Another approach envisioned in the mower 2 of this invention is to 

use a genset 43 in which the engine 40 can be selectively turned off with 

1 
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operation of mower 2 then proceeding only on the basis of the energy 
stored in the battery pack 44. Some selective control means would be 
available to the operator for doing this. i.e. the operator would have a 
switch or button for shutting off genset 43 and going to all electric op- 
eration. In this approach, the engine may not have to be as heavily 
muffled. When extreme quiet is required, the mower 2 could be operated 
solely from the battery pack 44. 

An advantage of this latter described use of a "part time" genset is 
chat there may not be many occasions during which quiet operation of mower 
is necessary. Thus, genset 43 will be operable most of the time with the 
engine 40 being run with the consequent advantage of being .able, to 
recharge the battery pack 44 during operation. Even when all battery op- 
eration is needed, e.g. when mowing greens late at night or early in the 
morning, such quiet operation may be interspersed with periods when noisy 
operation is permissible, e.g. during transport from one green to another. 
Thus, genset 43 can be switched on and off to convert from battery opera- 
tion alone to operation using both genset 43 and the battery pack with the 
battery pack 44 then being recharged during the periods of genset opera- 



tion. 



The Mower and Control Co nsole of 3 and 4 

Fig. 3 is a perspective view of another embodiment of a mower 102 
according to this invention. Fig. 3 is a mower 102 that is adapted to 
convert from genset to all battery operation, i.e. a mower having a "part 
time" genset as described above. Fig. 4 is a top plan view of the face of 
an energy management control console 170 that is desirably used on such a 
mower 102 . 

Mower 102 as shown in Fig. 3 is very similar in most respects to 
mower 2 shown in Fig. 1. Accordingly, the same reference numerals will be 
usef in mower 102 with a 100 prefix to refer to the same or corresponding 
parts that were described for mower 2. e.g. mower 102 vs mower 2. frame 
104 vs frame 4, etc. 

Mower 102 in Fig. 3 has a somewhat differently shaped frame 104 with 
the operator being seated more forwardly on frame 104. An upwardly in- 
clined floor deck 111 is included mounting traction pedal 113 and a b^ake 
pedal 115. A control console 70 rotatably mounts steering wheel 114 and 
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includes various: displays and' controls to be described. Console 70 is 
mounted in a cantilevered fashion by a support arm 72 so as to be located 
in front of the operator as the operator sits on seat 110. The arrange- 
ment of wheels 106a- 106c, and cutting units 130a- 130c. and their manner of 
being electrically driven, are identical between mowers 2 and 102 with the 
block diagram of Fig. 2 being applicable to mower 102 to control the com- 
ponents of mower 102 in the same manner that such components are control- 
led in mower 2. Similarly to mower 2. the individual electric motors 136 
that drive cutting units 130a-130c are mounted on the frames of the cut- 
ting units, this time : on the top of the cutting unit frames rather than on 
the rear, to allow the cutting units to remain balanced. 

Referring now to console 70 shown in Fig. 4 with steering wheel 114 
having been removed from console 70 for the purpose of clarity, console 70 
includes a rocker arm or switch 74 for selecting genset operation or all 
battery operation. When switch 74 is depressed towards the symbol 76 
representing the internal combustion engine, genset 143 is activated so 
that energy is available to the electric motors 118 and 136 from both 
genset 143 and the battery pack 144. Conversely, when switch 74 is 
depressed towards the symbol 78 representing a battery, genset 143 is 
deactivated so that energy is available to the electric motors 118 and 136 
only from battery pack 144. Accordingly, switch 1U may be selectively 
manipulated by the operator to switch from one mode of operation , to anoth- 

Desirably. console 70 will include some means for reporting the 
state" of charge of the battery pack to the operator to let him know 
whether it is safe or appropriate to switch from genset operation to all 
battery operation. This means is indicated generally as 80 in Fig. 4 and 
comprises a row of green, yellow and red indicator lights 82g. 82y and 82r 
located next to some graphical indicators 8A printed on console 70. The 
graphical indicator 84g next to the green indicator light 82g depicts a 
battery separated from an IC engine by a slash, the graphical indicator 
84y:next to ^he: yellow indicator light 82y depicts a battery separated 
from an IC engine by an arrow with the arrow pointing from the battery to 
the IC engine, and the graphical indicator 84r next to the red indicator 
light 82r depicts a battery separated from an IC engine by an additxon 
sign. Preferably, the graphical indicators 84 are printed on green- yel- 
low and red bands in a manner similar to the indicator lights, i.e. the 
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band of the graphical indicator 84g next to the green light 82g is also 
colored green, the band of the graphical indicator 84y next to the yellow 
light 82y is also colored yellow, etc. 

In any event, during operation of mower 102. the state of charge of 
che battery pack is sensed by any appropriate means and reported to con- 
sole 70. Any suitable logic and control means within console 70. i.e. a 
local microprocessor that may be part of the drive or cutting unit con- 
trollers or a separate microprocessor, will receive the sensed state of 
charge information and determine which light 82 to activate. If the bat- 
tery pack is fully charged such that all battery operation would be ap- 
propriate, then the green indicator light 82g^will be lit :-- If; the battery - 
pack is adequately but not fully charged such that all battery operation 
would be appropriate but that such battery operation will become impaired 
relatively soon, then the yellow indicator light 82y will be lit. If the 
battery pack is relatively discharged such that all battery operation 
would be inappropriate, then the red indicator light 82r will be lit. 

The purpose of the indicator lights 82 is to let the operator know 
if it is permissible to enter into an all battery mode of operation. If 
Che green light 82g is lit, the operator knows that he has plenty of ca- 
pacity to conduct all battery operation and can use switch 74 to select 
the all battery mode with confidence. If the yellow light 82y is lit. the 
operator knows that he can enter and conduct some all battery operation, 
but that at some point he will have to switch the genset 143 back on as 
his time In the all battery mode is somewhat limited ; If- the red in- 
dicator light 82r is lit, the operator knows that he should not select the 
all baitery mode of operation as he will have no or little time in which 
the battery pack can provide sufficient power to operate mower 102. In 
addition, a lock-out feature could be provided such that operation of 
mower 102 in its all battery mode is prohibited whenever the red indicator 
light 82r is lit. In this event, the operator would be compelled to start 
the,- genset 143 to operate mower 102. 

.' The use of the graphical indicators 84 next to the indicator lights 
82 is preferred since it serves to explain the meaning of the indicator 
lights to the operator. Obviously, graphical indicators 84 with a dif- 
ferent arrangement of symbols meant to convey the same ideas could be used 
in place of the symbols shown in Fig. 4. In addition, with the graphical 
indicators 84 in place, it would not strictly be necessary for the lights 
I 
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82 to be differently colored though this is* preferred. The indicators 84 
themselves help explain the significance of the lights 82 so that the op- 
erator need only see which light 82 is lit and then look at the adjacent 
indicator 84 to explain the meaning. If no indicators 84 are used as 
would be possible, then the use of red, yellow and green lights 82 would 
be required. 

Another desirable feature of console 70, and one which could be used 
even in a mower 2 with a "full time" genset, is a display indicating how 
much current is being drawn by each of the cutting reels. Such a display 
is shown at' 9G in Fig. 4. The display includes a --graphical representation; 
92 of each cutting unit and an adjacent horizontal indicator light or band 
94, one for each reel, that functions like a thermometer, i.e. each band 
94 will extend away from the cutting unit representation 92 by a distance 
proportional to the current draw such that the larger the current draw, 
the longer the band 94 and vise versa. The indicator bands 94 desirably 
also project through vertical green, yellow and red stripes 96g, 96y and 
96r, respectively, with the green stripe 96g being nearest the representa- 
tion 92 of the cutting unit, the yellow stripe 96y being next, and the red 
stripe 96r being furthest away from the cutting unit representation 92. 

The current being drawn by the motor driving each reel can be 
monitored by the cutting unit controller 50 or 150 which information is 
used to activate the indicator bands 94. Thus, by glancing at the in- 
dicator* bands 94 ] r the* operator will know the relative current usage of 
each cutting reel. If all of the indicator bands 94 for all of the reels 
are within the green vertical stripe 96g, the operator will know that the 
current draw from the reels is acceptable, indicating proper reel to bed- 
knife adjustment on the cutting units. However, if the current draw for 
any one motor of any one reel becomes excessive, and the band 94 associa- 
ted with that reel projects farther than the bands 94 associated with the 
other reels and enters either the yellow or red stripes 96y or 96r, the 
operator knows that the reel on this particular cutting unit is adjusted 
too tightly against the' be dfcniTSV" Manual corrective action can then be 
taken to loosen the reel/bedknife adjustment until the band 94 for the af- 
fected cutting unit drops into a more normal range during future opera- 
tion. Thus, by monitoring the display 90 and keeping the cutting units 
properly adjusted, undue current draw from the cutting units can be "pre- 
vented. ! 
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While display 90 illustrates horizontally arranged indicator bands 
94, the entire display 90 could be reoriented by 90* until the reel repre- 
sentations 92 are at the top and the indicator bands 94 extend vertically 
down away from the reel representations 92. This may be preferred since 
this arrangement more naturally mimics the configuration of the cutting 
units on the mower as the operator sits on the seat and looks at display 
90. 

Various automatic reel to bedknife adjustment systems are known for 
automatically controlling the reel to bedknife adjustment, such as shown 
in U.S. Patent 4,335,569 to Keeney et al.. which is incorporated herein by 
reference . If adjusters of the ' type shown in this patent were in place on 
the cutting units, the adjusters could be linked to the display 90 to 
loosen or control the preset adjustment in accordance with the sensed cur- 
rent draw. For example, as long as the indicator bands 94 are all in the 
green stripe 96g, the adjusters are left at their preset value with the 
reel to bedknife adjustment set to a relatively tight value. However, 
when the indicator bands 94 extend into the yellow or red stripes 96y or 
96r, this is sensed and used to activate the adjusters to automatically 
loosen the reel to bedknife adjustment for the affected reel until the 
band 94 drops back into the green stripe 96g. Thus, the sensed current 
draw that forms the basis of display 90 would be used to automatically 
control the reel to bedknife adjusters to keep all the indicator bands 94 
at a desired level, e.g. preferably within green stripe 96g. 

Another way of using an automatic reel to bedknife system would be 
to allow the system to normally maintain the reel to bedknife adjustment 
at a desired preset value. Then, whenever the operator activates switch 
74 to place the mower into its all battery mode of operation, this would 
be sensed and the reel to bedknife adjustment for all the cutting reels 
would be automatically loosened by a predetermined amount from its preset 
value. In other words, placing the mower into all battery operation would 
automatically loosen the reel to bedknife adjustment on the reels to 
thereby decrease the current draw. When the operator goes back to com- 
bined genset/battery operation by flipping switch 74 back toward the IC 
engine symbol 78. the reel to bedknife adjustment system would then auto- 
matically reestablish the preset value for the reel to bedknife adjustment 
on all the cutting reels. y 
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The Drive System of _F_jJ L^-5 

Fig. 5 illustrates a slightly different drive system that may be 
used with either of the mowers shown in Figs. 1 or 3 in place of the drive 
system of Fig. 2. In the Fig. 5 drive system, the single DC motor con- 
rroller 50 of Fig. 2 has been replaced with dual DC motor controllers 50a 
and 50b. Motor controller 50a is connected to electric motor 18 for trac- 
tion wheel 6a, while motor controller 50b is similarly connected to elec- 
cric ] motor. 18. for traction wheel 6b. Motor controllers 50a and 50b con- 
trol the ■ application of 48 Volt electrical power ' from genset 43- and bat- 
tery pack 44 . Each motor controller 50a and 50b can comprise a Curtis PMC 
controller . 

In the drive system of Fig. 5, the operational inputs from steering 
wheel 14, traction pedal 13, and the like no longer go directly to motor 
controllers 50a or 50b. Instead, another microprocessor based, master 
electronic controller 51 is used to receive the operational inputs and to 
then in turn control the motor controllers 50a and 50b along with the cut- 
ting unit controller 60 and other machine components. Preferably, master 
electronic controller 51 is powered separately by its own 12 V battery 
power source 53. which power source may also be recharged by the operation 
of gensec 43 . 

It should be apparent that the Fig. 5 drive system will work quite 
similarly to tha~t "of "Fig '." '. 2 . . When thV operator commands" forward' or 
reverse motion through traction pedal 13, this is sensed by master con- 
troller 51 which then commands the motor controllers 50a and 50b to apply 
power t.o traction motors 18 in just the right amounts and in the right 
polarity to achieve forward or reverse direction of mower 2. Ground speed 
feedback from one or both of the traction motors 18 can be applied in a 
closed loop fashion back to master controller 51 or by IR feedback direct- 
ly ,to each controller 50a and 50b. Similarly, a turn can be sensed by 
controller 51 from. the position of steering wheel 14. and the controller 
51 will then command the' mot'o? controllers 50a and 50b "to Vary "the speed 
of the motors 18 to achieve a differential effect in the turn. 

Use of a separate master electronic controller 51 provides mower 2 
with many possible sophisticated control features. For example, a*eat 
switch can be installed under the seat 10 on which the operator sip to 
determine the presence . of -the operator . on the seat. If the seat is empty, 
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then controller 51 can disable operation of the motor controllers 50a and 
50b and motors 18 even if the traction pedal 13 is inadvertently 
depressed. 

The Genset of Fip. 6 



While DC gensets 43 are commercially available from many sources, 
direct current models are relatively expensive to purchase. Fig. 6 il- 
lustrates a DC genset of the Applicants' own design which can be assembled 
re lat ive ly inexpens ively . 

Referring now to Fig. 6,, the master electronic controller 51 
powered by its own 12 V battery power source 53 is illustrated. A 48 Volt 
truck alternator 200 is used as the electrical current generating portion 
of the genset. Such truck alternators 200 are relatively inexpensive and 
easily available. 

The magnetic field windings 202 of alternator 200 are controlled by 
a variable 0-12 Volt signal from controller 51. Controller 51 is used to 
control the output of alternator 200 in accordance with the voltage in the 
48 Volt system used to power the mower traction drive and cutting units. 
As the system voltage drops below the 48 Volt nominal ^ull power value due 
to loads imposed on the system or as battery pack 44 is discharged, this 
voltage drop is sensed by controller 51 along the input line 204. Con- 
troller 51 then controls the magnetic field windings 202 of alternator 200 
xo allow alternator 200 to begin supplying enough power to. the drive sys- 
tem to maintain the desired voltage in the drive system. Thus, controller 
51 also serves as the voltage regulator of the genset and allows an in- 
expensive truck alternator 200 to be controlled with the 12 Volt control 
voltage available to controller 51 to avoid having to purchase a commer- 
cial DC genset. 

T^e Steering System of Fig, ? 

Referring to Fig. 7, a steering system 210 for mower 2 or 102 is 
shown which comprises a closed fluid containing system preferably using a 
non- toxic, bio- degradable oil, such as Canola oil. A first rotary pump 
212 is linked to steering wheel 14 or 114. Pump 212 preferably comprises 

a Teleflex HH5762 Seastar 2.4 Helm unit of the type used for the steering 
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of boats. A second lW 216 linked to 

some linkage 218 for effecting steering of the pivotal yoke 16 or 116 car- 
rying the steerable wheel 6c or 116c of mower 2 or 102. Cylinder 214 
preferably comprises a Teleflex HC5314 cylinder. 

Two hoses 220 lead from pump 212 to opposite ends of second cylinder 
214 with the whole system being filled with a suitable oil, preferably a 
non-toxic, bio-degradable oil. As the operator turns steering wheel 14 or 
114, his muscles provide the power to pump fluid out of one side or the 
other, of pump 212, depending on the direction of the turn. This causes a 
corresponding movement of the piston 222 in the second cylinder 214, and 
hence a turning of the steerable wheel by pivoting the yoke. 

The advantage of using this type of steering system 210 in mower 2 
or 102 is that it avoids the need for having a power operated pump that 
pumps a more conventional oil from a reservoir for power steering pur- 
poses. Such a power operated pump and oil become hot. The hot oil will 
damage the turf if a leak develops. However, using a steering system 210 
which avoids the use of a powered pump which heats the oil, means that the 
non- toxic oil contained in system 210 will remain at or close to ambient 
temperature and will not damage the turf even if a leak develops in system 
210. This is a major advantage. In addition, system 210 is easy to fit 
on mower 2 or 102since the flexible hoses 220 can be easily routed from 
steering wheel 14 or 114 to steerable wheel 6c or 106c in a manner that is 
not. true of rigid mechanical linkages. 

The steering system 210 described herein can be used on any turf 
maintenance vehicle for the same reasons pertaining to its use in mower 2 
or 10i\ namely to avoid damaging the turf in the event of a leak. Accor- 
dingly, steering system 210 is not limited for use with a mower 2 or 102 
having electrically driven cutting reels or an electric traction drive 
system. However, steering system 210 does have particular applicability 
to ^a vehicle such as the mowers 2 or 102 disclosed herein which avoid 
using conventional hydraulic systems for either powering the mower itself 
or W cutting units ^ Steering ' system 210 further' adds to \ the environmen- 
tally friendly nature of such a mower. 

The Lift and Lower S Y ** em of F1 ™ - 8 «|d ? j 

Figs. 8 and 9 illustrate a lift and lower system 300 for raising and 
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lowering the cutting units 30 of mower 2 or 102. Lift and lower system 
300 accomplishes this task using only a single electric drive motor 301 
and a novel linkage' between motor 301 and cutting units 30. This linkage 
allows cutting units 30 to raise and lower in a timed sequence - some cut- 
ting units 30 will raise and/or lower before others. System 300 is simple 
and durable. 

A lift arm 302 rotatable about a horizontal axis 304 is normally 
provided for each cutting unit 30 as part of mower 2 or 102. Lift arm 302 
engages beneath a portion of suspension 34 to lift upwardly on suspension 
34, and hence on the cutting unit, when lift arm 302 rotates about 
horizontal axis 304 . One such lift arm 302a. for cutting unit 30a is shown 
in Fig. 1, but there is a similar lift arm 302 for each cutting unit. 
Typically, it is desired that the two front cutting units 30a and 30b lift 
before the center cutting unit 30c. The same timing relationship is also 
true for lowering. The two front cutting units 30a and 30b desirably 
lower before center cutting unit 30c lowers. 

Lift and lower system 300 includes a single rotatable crankshaft 306 
mounted by bearings 308 to some portion of mower 2 or 102. Crankshaft 306 
includes a plurality of crankarms 309a, 309b and 309c which are connected 
to one end of connecting rods 310a, 310b and 310c , respectively . The 
other end of the connecting rods are connected to links 312a, 312b and 
312c carried on lift arms 302 of cutting units 30a, 30b and 30c. respec- 
tively. The crankarm and connecting rod linkages to the two front cutting 
units 30a arid 30b are identically connected to crankshaft 306 so that 
these two cutting units will lift and lower together. The crankarm and 
connecting rod linkage to the center cutting unit 30c is different so that 
the lifting and lowering of this cutting unit is timed to occur at dif- 
ferent times than that of the front cutting units 30a and 30b. 

A means is provided for rotating crankshaft 306 in discrete amounts 
of rotation, preferably in 180° increments. This means includes a drive 
wheel 314 mounted on crankshaft 306. Drive wheel 306 is engaged by a worm 
316 that is rotated by a single electric drive motor 301. Drive motor 301 
is designed to rotate worm 316 and drive wheel 314 to rotate crankshaft 
306 in a first increment of rotation to raise cutting units 30, i.e. from 
0 to 180* , and to then subsequently rotate crankshaft 306 in a second in- 
crement of rotation to lower cutting units 30, i.e. from 180 to 360V ^ 

Referring now to Fig. 9. the operation of lift and lower system 300 
! | 
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is illustrated by the solid and phantom lines of the' components" ThV com- 
ponents are shown in solid lines in the position they would have when cut- 
ting units 30 are lowered onto the ground. The components are shown in 
phantom lines in the position they would have when cutting units 30 have 
been raised from the ground for the purpose of transport or the like. 

If it is desired to raise cutting units 30 from their lowered posi- 
tion shown in solid lines, crankshaft 306 is rotated counter-clockwise 
180' by motor 301, worm 316 and drive wheel 314. During the initial por- 
tion of this increment of rotation, the connecting rods 310a and 310b to 
the two front cutting units almost immediately begin to rise due to where 
they connect to their respective crankarms 309a and 309b and the orienta- 
tion of these crankarms on crankshaft 306. Thus, the lift arms 302 for 
the two front cutting units begin to rotate counter-clockwise quite soon 
during the initial portion of this increment of rotation of crankshaft 306 
to raise the two front cutting units. However, in this initial portion of 
this increment of rotation, the connecting rod 310c to the center cutting 
unit first dips down and then translates horizontally before beginning to 
rise because of its different crankarm geometry. Thus, as crankshaft 306 
rotates from 0 to 180* , the two front cutting units 30a and 30b are raised 
first and then the center cutting unit 30c follows until the components 
reach their phantom line positions shown in Fig. 9. 

The lowering of cutting units 30 works similarly. As crankshaft 306 
rotates from i'80* to 360* . the first portion of this second increment of 
rotation causes the front cutting units 30a and 30b to begin to lower be- 
fore %he center cutting unit 30c. Thus, cutting units 30 raise and lower 
in a ? properly timed relationship simply by virtue of their different 
crankarm geometries relative to crankshaft 306. 

The use of a single drive motor 301 rotating a single crankshaft 306 
to lift and lower all cutting units 30 has numerous advantages. It has 
far fewer components than when using a separate electrical actuators or 
motor for each cutting unit. Obviously, in system 300 there is only one 
drive motor instead of three. In addition, fewer limit switches and the 
like are needed in system 300. Accordingly, lift and lower system 300 is 
simpler and less expensive than many other similar systems known in the 

art . £ : 

While mower 2 has been illustrated as a riding mower herein, it is 
obvious that the principles thereof can be applied to walk behind mowers 
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as well. Moreover, cutting units 30 can have other forms than that shown 
herein, e.g. cutting units having rotary blades. In addition, the princi- 
ples of this invention can be applied to turf maintenance vehicles other 
than mowers or to turf maintenance operating units other than cutting 
units. For example, the lift and lower system 300 shown in Figs. 8 and 9 
can be used to lift and lower other types of turf maintenance operating 
units carried on a vehicle, such as other turf cutters, sand trap rakes, 
or grooming, thatching or rolling implements. Accordingly, the scope of 
this invention is to be limited only by the appended claims. 



i 

! 
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We Claim: 



1. An electrically driven turf maintenance machine, which com- 
prises : 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground; 

(c) at least one electric motor operatively connected to 
at least one of the ground engaging wheels for propelling the wheel to 
provide traction for the frame; 

(d) at least one operating unit carried on the frame for 

performing a turf maintenance operation; 

(e) at least one electric motor operatively connected to 
at least one operating unit for powering the operating unit; and 

(f) an electric drive system carried on the frame for 
providing electric power to the electric motors, the electric drive system 
comprising: 

(i) an internal combustion engine; 

(ii) an electric power generating device me- 
chanically driven by the engine for supplying electric power; 

-. - . . ... (iii)- a battery -power- source for supplying elec- 
tric power; and 

§- (iv) means for connecting the electric motors 

to the* electric power generating device and to the battery power source to 
allow electric power to be supplied to the electric motors from either or 
both of the electric power generating device and battery power source. 

, 2. A machine as recited in claim 1, further including a switch for 
shutting off the internal combustion engine to thereby disable the elec- 
tric power generating -device . thereby making -the- battery.- power source the 
sole source of electric power for the electric motors. 



3. A machine as recited in claim 2, whereby the switch is selec- 
tively operable under the control of a user of the machine to allow 7 the 
user to select when the battery power source shall serve as the sole 
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source of electic power for the electric motors. 

4. A machine as recited in claim 2, further including means for 
sensing a state of charge of the battery power source, and means for 
reporting the state of charge of the battery power source to a user of the 
machine. 

5. A machine as recited in claim U t further including a display for 
indicating to a user of the machine when the state of charge of the bat- 
tery power source is below a predetermined minimum level. 

6. A machine as recited in claim 5, further including means for 
preventing operation from only the battery power source when the state of 
charge of the battery power source is below the predetermined minimum 
level. 

7. A machine as recited in claim 1, wherein the electric power gen- 
erating device is connected to the battery power source to recharge the 
battery power source during operation of the internal combustion engine. 

8. A machine as recited in claim 1. wherein the electric power gen- 
erating device comprises an alternator. 

9. A machine as recited in claim 8 y .further ^ including a controller 
for controlling the application of electric power to the electric motors, 
and wherein the controller is further connected to the magnetic field 
windings of the alternator to control the operation of the alternator. 

10. A machine as recited in claim 1, wherein two of the wheels on 
the frame are individually driven by separate electric motors each of 

which are connected to the electric drive system. 

v 

11. ' A joachine as recited in claim 10, wherein the machine has a 
steering wheel to allow the machine to be turned, and further including a 
controller for controlling the supply of electric power from the electric 
drive system to the electric motors, wherein the controller has mjans 
responsive to a turn effected by movement of the steering wheel to vary 

'■ 1 
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the power supplied to the individual electric motors to effect a differen- 
tial action during the turn. 

12. A machine as recited in claim 1, wherein the machine comprises 
a grass mowing machine, and wherein the operating unit comprises a grass 
cutting unit. 

13. A machine as recited in claim 12, wherein the grass mowing ma- 
chine comprises a riding lawn mower. 

14. A turf maintenance machine, which comprises: 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground, wherein 
at least one of the wheels is steerable to allow the frame to be turned; 
and 

(c) a steering system for steering the steerable wheel, 

which comprises: 

(i) at least one steering control adapted to be 
selectively moved by a user of the machine; 

(ii) a pump operatively connected to the steer- 
ing control such that movement of the steering control serves as a motive 
force for pumping a fluid out of one side or the - other -of. the pump as- the 
user operates the steering control; and 

(iii) a cylinder having a piston mechanically 
linked^ to the steerable wheel, the cylinder being fluidically coupled to 
the pump such that fluid flow from the pump acts on the piston to cause 
the piston to move in and out of the cylinder to thereby steer the 
steerable wheel, 

whereby the fluid contained in the pump and cylinder is 
not; heated during operation of the pump and will not damage the turf as a 
result * of ' aiiy leakagi / * ; - : - - 

15. A machine as recited in claim 14, whereby the fluid comprises a 

bio-degradable oil. / 

yj 

16. A machine as recited in claim 14, wherein the steering control 

* ' J* "v.:-"" - - - ' 
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comprises a rotatable steering wheel. 

17. A turf maintenance machine, which comprises: """ 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground, 

(c) a plurality of operating units carried on the frame 
for performing a turf maintenance operation; and 

(d) a lift and lower system carried on the frame for 
raising and lowering the operating units, wherein the lift and lower sys- 
tem comprises.: . ' . . ' \ * . .'^.'l- 

(i) a rotatable crankshaft; 

(ii) a plurality of crankarm and connecting rod 
linkages for connecting each of the operating units to the crankshaft; and 

(iii) means for rotating the crankshaft such 
that rotation of the crankshaft in a first increment of rotation raises 
the operating units and rotation of the crankshaft in a second increment 
of rotation lowers the operating units. 

18. A machine as recited in claim. A machine as recited in claim 
17, wherein the crankshaft rotating means comprises a powered motor . 

19. A machine as recited in claim 17. wherein the crankshaft rotat- 
ing means comprises a. single electric motor . ™; _v /"Y"" ~~V". . '.. 

120. A machine as recited in claim 17. wherein the crankarm and con- 
necting rod linkage to at least one of the operating units differs from 
the crankarm and connecting rod linkages to other of the operating units 
to allow the at least one operating unit to raise and lower at different 
times than the other operating units during the first and second incre- 
ments of rotation. 

21. A machine as recited in claim 17. wherein the means for rotat- 
ing the crankshaft effects uni -directional rotation of the crankshaft such 
that the second increment of rotation follows the first increment of rota- 
tion. / 
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22 A machine as recited in claim 21. wherein the .first increment 
of rotation is from 0 to 180" of rotation of the crankshaft and the second 
increment of rotation is from 180 to 360' of rotation of the crankshaft. 
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the mower. A hybrid electric drive system supplies electric 
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ELECTRIC DRIVE RIDING MOWER 



Cross Referent 
to Relat ed Applications 

This application claims the benefit of one or more previously filed 
copending provisional applications identified as follows: Application 
Serial No. 60/011,450 filed February 9, 1996. 

. Tecfrpfrcal £lsl53 ~ * 

Thi s invention relates to a hybrid internal combustion 
engine/electric drive system for turf maintenance vehicles such as riding 
mowers, to a steering system for such vehicles, and to a lift and lower 
system for the turf maintenance operating units, such as cutting units, 
carried on sxtch vehicles. 

Background of the Invention 

U.S. Patent 2,057,417 to Clapper, assigned to the assignee of this 
invention, discloses a riding mower having electrically driven cutting 
reels. An internal combustion engine drives a generator which supplies 
the electrical current for operating the electric motors that power the 
cutting reels. However, the drive wheels of the mower are mechanically 
driven' from the engine. Accordingly, the engine must be continuously op- 
erated to drive the vehicle, which is undesirable in certain circumstances 
because of the noise and/or pollution generated by the engine. 

U.S. Patent 5,406,778 to Lamb et al. shows a riding mower in which 
the cutting reels and the traction drive are both electrically operated 
from batteries carried on the mower. There is no internal combustion 
engine provided on the mower, the only source of power being the bat- 
teries. While the mower is quiet during operation, it has limited range 
and usefulness due to the battery power source. This is particularly true 
because of the large energy drain imposed on the batteries to operate ', the 

traction drive. /? 

Neither of the riding mowers disclosed in these patents is as etiec- 

SUBSTITUTE SHEET (RULE 26) 



RN^nOClD <WO <37?8681A3 IA> 



WO 97/28681 



PCT/US97/01853 



- 2 - 

tive as is desired for meeting the need for a quiet mower having adequate 
range and usefulness. The Clapper mower requires the use of an internal 
combustion engine sized sufficiently large to meet the peak horsepower 
needs of the mower, as when the mower is being driven at relatively high 
speed up a hill. Thus, the relatively large engine on the Clapper device 
generates a high level of undesirable noise. While the Lamb et al . mower 
may be quiet, it must be frequently recharged, limiting its usefulness. 

.„ # . _ Summary of the Invention 

One aspect of this invention is to provide a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground. At least one electric motor is operatively connected to at least 
one of the ground engaging wheels for propelling the wheel to provide 
traction for the frame. At least one operating unit is carried on the 
frame for performing a turf maintenance operation. At least one electric 
motor is operatively connected to at least one operating unit for powering 
the operating unit. Finally, an electric drive system is carried on the 
frame for providing electric power to the electric motors. The electric 
drive system comprises an internal combustion engine, an electric power 
generating device mechanically driven by the engine for supplying electric 
power, a battery power .source for supplying eTec'tric " power V* and means foV 
connecting the electric motors to the electric power generating device and 
to the battery power source to allow electric power to be supplied to the 
electric motors from either or both of the electric power generating 
device and battery power source. 

Another aspect of this invention relates to a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground, wherein at least one of the wheels is steerable to allow the frame 
to be, turned. A steering ■ system for steering the- steer able wheel" is pro- 
vided, which comprises at least one steering control adapted to be selec- 
tively moved by a user of the machine, a pump operatively connected to the 
steering control such that movement of the steering control serves as/ a 
motive force for pumping a fluid out of one side or the other of the pump 
as the user operates the steering control, and a cylinder having a piston 
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mechanically linked to the steerable wheel, the cylinder being fluidically 
coupled to the pump such that fluid flow from the pump acts on the piston 
to cause the piston to move in and out of the cylinder to thereby steer 
the steerable wheel. 

A third aspect of this invetion relates to a turf maintenance ma- 
chine which includes a frame. A plurality of ground engaging wheels are 
attached to the frame for supporting the frame for movement over the 
ground. A plurality of operating units are carried on the frame for per- 
forming a turf maintenance operation. A lift and lower system is carried 
on the frame for raising and lowering the operating units, wherein the 
lift and lower system comprises a rctatahle crankshaft, a plurality of 
crankarm and connecting rod linkages for connecting each of the operating 
units to the crankshaft, and means for rotating the crankshaft such that 
rotation of the crankshaft in a first increment of rotation raises the op- 
erating units and rotation of the crankshaft in a second increment of 
rotation lowers the operating units. 

Brief Descript ion of the Drawings 

This invention will be described more completely in the following 
Detailed Description, when taken in conjunction with the following draw- 
ings, in which like reference numerals refer to like elements throughout. 

Fig. 1 is a perspective view of a typical riding turf maintenance 
vehicle to which the drive system of this invention is applied, such 
vehicle comprising a riding greens mower; 

rfig. 2 is a block diagram of a first embodiment of a drive system 
according to this invention applied to the turf maintenance vehicle of 
Fig. 1; 

Fig. 3 is a perspective view of a another riding turf maintenance 
vehicle to which the drive system of this invention is applied, such 
vehicle also comprising a riding greens mower having a different con- 
figuration than the mower shown in Fig. 1; 

Fig. A is a plan view of " the front face of a control" console used on 
the vehicle shown in Fig. 3; 

Fig. 5 is a schematic view of a second embodiment of a drive system 
according to this invention which may be applied to either of the Lrf 
maintenance vehicles of Fig. 1 or Fig. 3; 
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Fig. 6 is a' schematic .view of a internal combustion^engine/generator 
combination or "gensef that may be used in the drive system of this in- 
vention; 

Fig. 7 is a perspective view of a steering system that can be used 
with a vehicle equipped with the drive system of this invention; 

Fig. 8 is a perspective view of a lift and lower system for the turf 
maintenance operating units carried on the vehicles shown in Fig. 1 or 
Fig. 3; and 

Fig. 9 is a side elevational view of the lift and lower system of 

:Fig.. 8/ ' / /. • :,. • 

Derailed Pescrjpt4on 
The Mo wer and Drive System of Figs. 1 and 2 

This invention relates to a self-propelled lawn mower having an 
electric drive for powering the drive or traction wheels as well as power- 
ing the cutting unit(s) carried on the lawn mower. 

Referring to Fig. 1, which is a perspective view of a mower 2 ac- 
cording to this invention, mower 2 includes a frame 4 7 which carries a 
plurality of ground engaging wheels 6 for allowing frame 4 to traverse 
over the ground. In that version of mower 2 shown in Fig. 1, wheels 6 are 

ed J in a ti: icycle . configuration, with .two. wheels . 6a, and 6b being .ar- 
ranged at a forward portion of frame 4 and a single wheel 6c being ar- 
ranged at a rearward portion of frame 4. Front wheels 6a and 6b are 
rotatably carried on frame 4 by stub axles 7 while rear wheel 6c is 
rotatably carried on a pivotal yoke 16 by a through axle 8. 

Frame 4 carries an operator seat 10 for allowing an operator to ride 
on mower 2. Foot rests 12 are provided on frame 4 for the operator's 
feet. A treadle type traction pedal 13 can be provided on one foot rest 
12 fpr allowing the speed and direction of movement of frame 4 to be con- 
trolled^by^ithe' - operator , e . g . ! s tepping on. Xhe.f rant, of^ .the pedal „ob tains 
forward motion of frame 4 and stepping on the rear of pedal obtains 
reverse motion of frame 4. Traction pedal 13 is shown in Fig. 2. A brake 
pedal (not shown in Fig. 1) can be provided on one of the foot rests for 
allowing the operator to stop the movement of frame 4 using any conven- 
tional j braking system. Other conventional controls can also be provided, 
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e.g. a control for starting and stopping the cutting units, a control for 
raising the cutting units off the ground, a parking brake, etc. 

A steering wheel 14 is provided on frame 4 which the operator can 
grip and turn to guide the movement of mower 2. Steering wheel 14 is 
preferably linked by any conventional steering linkage or system (e.g. a 
mechanical or hydraulic steering system) to a yoke 16 which carries rear 
wheel 6c with yoke 16 being rotatable on frame 4 about a generally verti- 
cal axis. Thus, operation of steering wheel 14 rotates rear wheel 6c 
about the vertical axis of yoke 16 to steer mower 2. 

Front wheels 6a and 6b comprise the drive or traction wheels that 
are used to propel the frame in forward and reverse directions . Separate 
electric drive motors 18, one for each wheel 6a and 6b. are carried on 
frame 4 and are linked to each wheel 6a and 6b through a mechanical drive 
reduction 20 of any known type. Thus, each front drive wheel 6a and 6b is 
independently driven by its own separate electric drive motor 18 and me- 
chanical drive reduction 20 (e.g. a 30:1 chain or gear reduction drive). 
Drive motors 18 for. drive wheels 6a and 6b can comprise General Electric 
BC58 series wound DC electric motors that develop 1.5 HP at 4200 RPM. 

A plurality of cutting units 30 are carried on frame 4. In the ver- 
sion of mower 2 illustrated in Fig. 1, such cutting units are arranged in 
a triplex configuration of the type often used in riding greens mowers. 
Two cutting units 30a and 30b are arranged forwardly of frame 4 in advance 
of front wheels 6a and 6b. A third cutting unit 30c is also arranged at 
the forward portion - of frame 4 to be located generally betweenfront 
wheels 6a and 6b. Thus, easy access can be had to the grass collection 
baskets 35 of cutting units 30a- 30c without having to make special provi- 
sion for gaining access to the basket 35c of third cutting unit 30c. Such 
.Basket 35c can simply be lifted up for dumping similarly to the baskets 
35a and 35b on the front cutting units 30a and 30b. 

Each of the cutting units 30a- 30c as shown herein preferably com- 
prise reel type cutting units having a rotatable cutting reel 32 that 
sweeps grass against a sharpened bedknife (not shown) for cutting. Such 
cutting units have front and rear rollers (also not shown) that allow the 
cutting units to rest on and roll over the ground during operation of the 
cutting units as the cutting units are pushed forwardly by the propulsive 
force of frame 4. Cutting units 30a- 30c are suspended from frame bJr J any 
suitable suspensions 34 to allow the cutting ' units to float relative to 
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the ground during operation, and to raise cutting units 30a-30c "up above 
the ground into a raised non-operative position for higher speed transport 
of frame 4. Each cutting unit 30 includes a grass collection basket 35 
releasably carried on the front thereof in any known manner. Basket 35 
collects the grass clippings cut by the cutting unit and may be periodi- 
cally lifted up and removed from the cutting unit for dumping such clip- 
pings. 

Each cutting unit 30a- 30c is also electrically driven. An individu- 
al electric motor 36 is carried on the frame of each cutting unit and is 
operative ly connected to the shaft of- cutting reel 32 by - a mechanical- 
drive reduction 38. Thus, as electric motor 36 rotates, the cutting reel 
32 is also rotated but at a slower speed due to the mechanical drive 
reduction 38 interposed between reel 32 and motor 36. While a drive 
reduction 38 may be used, a 1:1 drive arrangement may also be used between 
cutting reel 32 and motor 36 such that reel 32 rotates at the same speed 
as motor 36. Each cutting unit 30 has its own electric motor 36 and drive 
reduction 38, though the motor 36 for cutting unit 30c is not visible in 
Fig. 1 as it is hidden in that view. Motors 36 for cutting reels 32 can 
comprise Scott Motors 4BB-X835 permanent magnet 48V DC motors that develop 
3/4 HP at 3000 RPM. 

Each cutting unit motor 36 is preferably mounted on the frame of 
cutting unit 30 at the back thereof. This mounting arrangement is pos- 
sible due to the drive reduction 38 or other 1 : 1 ""drive ' trahsmi ss ion that 
connects motor 36 to reel 32. This mounting arrangement is advantageous 
in tha# cutting unit 30 is better balanced than if motor 36 were mounted 
sticking out to one side or the other of the cutting unit. Placing motor 
36- on the cutting unit frame between the sides of the cutting unit, and 
preferably placing such motor 36 about midway between the sides of the 
cutting unit, does not significantly disturb the cutting unit balance and 
thus^ does not affect the quality of cut provided by the cutting unit. In 
addition, mounting motor 36 in the fashion shown in Fig. 1 and as de- 
scribed herein -does not increase the width of- mower '2 ^or interfere 1 with 
close trimming by mower 2 in which one of the front cutting units 30a or 
30b is located close to an obstruction. ; 

Referring now to Fig. 2, which is a block diagram of the drive s^s- 
tem for mower 2, an internal combustion engine 40 is carried on frame 4 

7 

along with a generator or alternator 42 coupled to the engine 40 for gen- 
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erating electrical power, the engine/generator combination typically being 
known and referred to as a genset and illustrated herein as genset A3. 
Engine 40 is coupled only to generator 42. It does not drive the traction 
wheels 6a and 6b or any of the cutting units 30 directly. Referring to 
Fig. 1, genset 43 can be mounted to frame 4 in any convenient manner, e.g. 
by being slung or suspended from beneath frame 4 as shown or being en- 
closed inside some type of shroud or body that is carried on frame 4. One 
type of genset 43 that can be used is an Onan Microlite 48V DC genset de- 
veloping 4000 watts of power with a 9 HP internal combustion engine 40. 

A plurality of electrical storage batteries are also carried on 
frame u in a battery pack 44. For example; four 12V -lead -acid . Delco. VR1A 
batteries can be used to provide a 48V DC supply. Battery pack 44 is not 
shown in Fig. 1. but again is carried on frame 4 in any convenient loca- 
tion. Preferably, battery pack 44 will be enclosed in a shroud or pod 
that is part of or attached to some portion of frame 4. 

In the drive system shown in Fig. 2. the battery pack 44 is con- 
nected to generator 42 to allow generator 42 to charge the batteries dur- 
ing operation of engine 40. In addition, the drive motors 36 for cutting 
units 30 and drive motors 18 for front wheels 6 are wired to generator 42 
and battery pack 44 to allow electrical energy to be' supplied to the 
motors 18 and 36 directly from the generator 42. directly from battery 
pack 44, or from both simultaneously, as needed during the operation of 
mower 2 . 

Referring, further to Fig. .2. a DC dual motor electronic controller - 
50 receives inputs from traction pedal 13 and " steering- wheel 14 to 
determine how much power (and in what proportion and direction) to send 
each wheel motor. Thus, for example, input from traction pedal 13 is used 
to regulate the speed of rotation and direction of rotation of each wheel 
motor 18. For example, the operator can manipulate traction pedal 13 to 
signal forward movement in which case the motor controller 50 causes the 
wheel motors 18 to rotate in a forward direction and at a speed as sig- 
nalled by the relative position of traction pedal 13. If the operator 
steps on the back of traction pedal 13 rotating it reversely from neutral . 
then traction pedal 13 is signalling for reverse movement and the motor 
controller 50 will reverse the direction of the wheel motors 18 and regu- 
late their speed in accordance with how far back traction pedal ljf is 
pushed in its reverse direction. 
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The motor controller 50 also receives an input from steering wheel 
14, or from some other portion of the steering system, indicating whether 
or not a turn is being attempted and the degree of the turn. While steer- 
ing wheel 14 is linked to the rear wheel yoke 16 to effect turning or 
steering of mower 2, it is preferable to vary the relative wheel speeds of 
the front wheel motors 18 during a turn to effect a differential like ac- 
tion and allow the wheel 6a or 6b on the outside of the turn to rotate 
faster than the wheel 6a or 6b on the inside of the turn. This is done in 
mower 2 through motor controller 50 which varies the wheel speeds of the 
individual wheel motors 18 in the right proportion during a turn to effect 
a differential action during a turn and thereby prevent skidding of the 
wheels 6a and 6b and the consequent tearing up or destruction of the turf. 
Preferably, during a turn, the outside wheel 6 is kept rotating at the 
same speed as before the turn while the inside wheel 6 is slowed by motor 
controller 2, thus effectively slowing mower 2 down during a turn, to en- 
hance safety and stability of mower 2. 

Preferably, a feedback control system is employed in which the ac- 
tual RPM of the each wheel motor 18 is sensed and reported back to motor 
controller 50 as indicated by the feedback loops at 52 in Fig. 2. This 
information is used to ensure that the instantaneous speed of each wheel 
motor 18 is what it should be to thereby ensure that the wheel motors 18 
are_turning at the right speeds. However, such feedback loops 52 could be 
dispensed with: if so desired arid: an " open ioop" system used.' 

Motor controller 50 can comprise a ZAPI model Bl controller which 
can be used to control two 48V DC wheel motors 18. Such a controller in- 
cludes^ means for effecting the electronic differential action referred to 
above, is programmable, and also provides for regenerative braking. With 
such a controller, when the drive wheels 6a and 6b are turning faster than 
the programmed speed, i.e. when going down a hill, the wheels motors 18 
are braked to reduce their speed with the energy derived from such braking 
be^ng used to recharge battery pack 44 . Instead of a single motor con- 
troller. 50, for controlling both wheel motors 18 , ~a\"separa"feV motb^ ' control- 
ler 50 could be used to control only one motor 18 with a microprocessor 
receiving the input information and coordinating the electrical power dis- 
tribution. Such a system is shown in Fig. 5 and will be described more 
fully in conjunction with that figure. / 

Another electronic ^controller 60 is used to control the application 
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of electrical power to the cutting unit drive motors 36. Controller 60 
can comprise a Curtis Model 1204-1146 48V, 175 Amp electronic controller. 
This controller can receive an input from the operator to allow the motors 
36 to be started and stopped and to allow the speed of the motors 36 to be 
adjusted up or down. Drive motors 36 could be driven in reverse for back- 
lapping. Moreover, drive motors 36 could be driven at variable speeds 
during operation, under the control of a programmable microprocessor, to 
match the instantaneous speed of the reels 32 to the instantaneous forward 
speed of mower 2 for clip control. 

While a single controller 60 has been shown for controlling cutting 
units 30, in some cases it may be desirable to- allow the speed of the 
motors 36 to be, adjusted separately from one another (e.g. the drive motor 
36 for cutting unit 30c could be adjusted to rotate at a different speed 
from the drive motors 36 for the other cutting units). In this case, a 
separate electronic controller 60 would be used for each motor 36. More- 
over, drive motors 36 could be run at a single speed with no electronic 
controller 60 being used. Instead, an on/off switch or similar control 
would be used simply to allow the motors 36 to start and stop their opera- 
tion. 

A feature of mower 2 is the use of a genset 43 which is large enough 
to supply substantially all and preferably slightly more than the average 
energy needed for operation of mower 2, i.e. for operation of cutting 
units 30 and for propelling frame 4 over flat terrain and in normal cut- 
ting conditions at an average cutting speed. However, genset 43 is 
preferably made too small to supply all the energy needed during peak en- 
ergy usage, i.e. when mower 2 is climbing hills, travelling at a high rate 
of speed, cutting in extremely difficult cutting conditions (long and wet 
grass), or dethatching or brushing a green. The battery pack 44 then sup- 
plies the additional electrical energy that is required to make up the 
difference between the instantaneous peak usage of mower 2 and the energy 
output from genset 43 alone. 

V One advantage of this arrangement is that it allows for a smaller 
and less costly engine to be used in genset 43 as the engine is not by it- 
self required to have sufficient power .for the highest peak energy usage 
conditions. For example, if a 14-16 HP engine would normally be required, 
a 6-10 HP engine may now suffice. The engine should be sized to substan- 
tially meet and slightly exceed the average energy needs experienced by 
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mower 2 during operation with peak needs Chen. being net by scored energy 
from the battery pack 44. In addition, even if a larger engine is still 
used, i.e. the same 14-16 HP engine used on a conventional mower is still 
used on mower 2, such an engine can be run at much reduced load, e.g. at 
half speed, which is also much quieter than an engine chat must run at 
full load. 

Another advantage of the genset 43/battery pack 44 arrangement is 
that engine 40 is sized such that the battery pack 44 will often be 
recharged during the usual operation of the mower 2 and need not awaic 
completion" of the mowing operation for recharging. Thus , when mower 2 is 
operating at less than the average energy levels that are then being sup- 
plied by genset 43, the excess energy, i.e. the amount by which the genset 
output is then exceeding the energy draw from mower 2, will flow into and 
recharge the battery pack 44 . Thus, during normal operation of mower 2. 
considering thac Che energy draw from mower 2 will at times be less than 
the output of genset 43 (i.e. the battery pack 44 is being charged) and at 
other times may be more than the output of genset 43 (the battery pack 44 
is being drained) , the mower 2 may well finish a mowing operation with the 
batceries being more charged, or as well charged, as when Che mowing oper- 
ation began. Thus, in many cases, ic would not be necessary to plug the 
battery pack 44 into a charger, or to plug an onboard charger into an out- 
let, at the conclusion of a mowing operation. However, it would also ob- 
viously be possible to use such a charger to replenish- the batceries - in 
the battery pack 44 if they end a mowing session in a drained or depleted 
condition. Alternatively , one could simply allow engine 40 to run for a 
period of time with mower 2 siccing in an idle mode to allow genset 43 to 
recharge battery pack 44. 

The genset combinacion jusc referred Co is one in which the engine 
40 runs concinuously during operation of mower 2. This is one approach 
envisioned in Che mower 2 of this invention. Because engine 40 is smaller 
than what would normally be required, it is somewhat easier to enclose 
and/or muffle such engine so that the noise generated thereby, satisfies 
even stringent condicions. Such a -full time" gensec wich a small, highly 
muffled engine 40 could be used even when che extreme quiet of an all 
electric mower might be preferred. J 

Another approach envisioned in the mower 2 of this invention is'ho 
use a gensec 43 in-which che engine 40 can be selectively turned off with 
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operation of mower 2 then proceeding only on the basis of the energy 
scored in the battery pack 44. Some selective control means would be 
available to the operator for doing this. i.e. the operator would have a 
switch or button for shutting off genset 43 and going to all electric op- 
eration. In this approach, the engine may not have to be as heavily 
muffled. When extreme quiet is required, the mower 2 could be operated 
solely from the battery pack 44. 

An advantage of this latter described use of a -part time" genset is 
that there may not be many occasions during which quiet operation of mower 
is necessary. Thus, genset 43 will be operable most of the time with the 
engine. 40. being .. run with the ■ consequent advantage of being able to 
recharge the battery pack 44 during operation. Even when all battery op- 
eration is needed, e.g.. when mowing greens late at night or early in the 
morning, such quiet operation may be interspersed with periods when noisy 
operation is permissible, e.g. during transport from one green to another. 
Thus, genset 43 can be switched on and off to convert from battery opera- 
tion alone to operation using both genset 43 and the battery pack with the 
battery pack 44 then being recharged during the periods of genset opera- 



tion. 



Th* Mower a nd Control r^«nle of Firs, 3 and 4 

Fig. 3 is a perspective view of another embodiment of a mower 102 
according to this invention. Fig; 3 is a mower 102 that is adapted to 
convert from genset to all battery operation, i.e. a mower having a "part 
time" %enset as described above. Fig. 4 is a top plan view of the face of 
an energy management control console 170 that is desirably used on such a 
mower 102. 

Mower 102 as shown in Fig. 3 is very similar in most respects to 
mower 2 shown in Fig. 1. Accordingly, the same reference numerals will be 
used in mower 102 with a 100 prefix to refer to the same or corresponding 
parts that were described for mower 2. e.g. mower 102 vs mower 2. frame 

104 vs frame 4. etc. 

Mower 102 in Fig. 3 has a somewhat differently shaped frame 104 with 
the operator being seated more forwardly on frame 104. An upwardly, in- 
clined floor deck 111 is included mounting traction pedal 113 and a Wrake 
pedal 115. A control console 70 rotatably mounts steering wheel 115 and 
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includes various displays and controls to be described. Console 70 is 
mounted in a cantilevered fashion by a support arm 72 so as to be located 
in front of the operator as the operator sits on seat 110. The arrange- 
ment of wheels 106a- 106c, and cutting units 130a- 130c, and their manner of 
being electrically driven, are identical between mowers 2 and 102 with the 
b^k diagram of Fig. 2 being applicable to mower 102 to control the com- 
ponents of mower 102 in the same manner that such components are control- 
led in mower 2. Similarly to mower 2, the individual electric motors 136 
that drive cutting units 130a-130c are mounted on the frames of the cut- 
ting units, this time on the top of the cutting unit frames rather than. on 
the rear, to allow the cutting units to remain balanced. 

Referring now to console 70 shown in Fig. 4 with steering wheel 114 
having been removed from console 70 for the purpose of clarity, console 70 
includes a rocker arm or switch 74 for selecting genset operation or all 
battery operation. When switch 74 is depressed towards the symbol 76 
representing the internal combustion engine, genset 143 is activated so 
that energy is available to th-s electric motors 118 and 136 from both 
genset 143 and the battery pack 144. Conversely, when switch 74 is 
depressed towards the symbol 7 8 representing a battery, genset 143 is 
deactivated so that energy is available to the electric motors 118 and 136 
only from battery pack 144. Accordingly, switch 74 may be selectively 
manipulated by the operator to switch from one mode of operation to anoth- 



er. 



Desirably, console 70 will include some means for reporting the 
state of charge of the battery pack to the operator to let him know 
whether it is safe or appropriate to switch from genset operation to all 
battery operation. This means is indicated generally as 80 in Fig. 4 and 
comprises a row of green, yellow and red indicator lights 82g, 82y and 82r 
located next to some graphical indicators 84 printed on console 70. The 
graphical indicator 84g next to the green indicator light 82g depicts a 
batpery separated from an IC engine by a slash, the graphical indicator 
84y next- to the yellow indicator ..light 82y depicts :a battery separated 
from an IC engine by an arrow with the arrow pointing from the battery to 
the IC engine, and the graphical indicator 84r next to the red indicator 
light 82r depicts a battery separated from an IC engine by an addition 
sign. Preferably, the graphical indicators 84 are printed on green, yel- 
low and red bands-in -a manner similar to the indicator lights, i.e. the 
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band of the graphical indicator 84g next to the green light 82g is also 
colored green, the band of the graphical indicator 84y next to the yellow 
light 82y is also colored yellow, etc. 

In any event, during operation of mower 102, the state of charge of 
the battery pack is sensed by any appropriate means and reported to con- 
sole 70. Any suitable logic and control means within console 70, i.e. a 
local microprocessor that may be part of the drive or cutting unit con- 
trollers or a separate microprocessor, will receive the sensed state" of 
charge information and determine which light 82 to activate. If the bat- 
tery pack is fully charged such that all battery operation would be ap- 
propriate, then the green indicator light 82g will be lit. If j^battery 
pack is adequately but not fully charged such that all battery operation 
would be appropriate but that such battery operation will become impaired 
relatively soon, then the yellow indicator light 82y will be lit. If the 
battery pack is relatively discharged such that all battery operation 
would be inappropriate, then the red indicator light 82r will be lit. 

The purpose of the indicator lights 82 is to let the operator know 
if it is permissible to enter into an all battery mode of operation. If 
the green light 82g is lit. the operator knows that he has plenty of ca- 
pacity to conduct all battery operation and can use switch 74 to select 
the all battery mode with confidence. If the yellow light 82y is lit. the 
operator knows that he can enter and conduct some all battery operation, 
but that at some point he will have to switch the genset 143 back on as 
his time in the all battery mode is somewhat limited. If the red in- 
dicator light 82r is lit. the operator knows that he should not select the 
all battery mode of operation as he will have no or little time in which 
the battery pack can provide sufficient power to operate mower 102. In 
addition, a lock-out feature could be provided such that operation of 
mower 102 in its all battery mode is prohibited whenever the red indicator 
light 82r is lit. In this event, the operator would be compelled to start 
the< genset 143 to operate mower 102. 

*' The use of the graphical indicators 84 next to the indicator lights 
. 82. is preferred since.it serves to explain the meaning of the indicator 
lights to the operator. Obviously, graphical indicators 84 with a dif- 
ferent arrangement of symbols meant to convey the same ideas could be used 
in place of the symbols shown in Fig. 4. In addition, with the graphical 
indicators 84 in place, it would not strictly be necessary for the lights 
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82 to be differently colored, though this is preferred. The indicators 84 
themselves help explain the significance of the lights 82 so that the op- 
erator need only see which light 82 is lit and then look at the adjacent 
indicator 84 to explain the meaning. If no indicators 84 are used as 
would be possible, then the use of red, yellow and green lights 82 would 
be required. 

Another desirable feature of console 70, and one which could be used 
even in a mower 2 with a -full time" genset, is a display indicating how 
much current is being drawn by each of the cutting reels. Such a display 
- is- shown at '90 in Fig/ 4-. The display includes a graphical representation 
92 of each cutting unit and an adjacent horizontal indicator light or band 
94, one for each reel, that functions like a thermometer, i.e. each band 
94 will extend away from the cutting unit representation 92 by a distance 
proportional to the current draw such that the larger the current draw, 
the longer the band 94 and vise versa. The indicator bands 94 desirably 
also project through vertical green, yellow and red stripes 96g, 96y and 
96r f respectively, with the green stripe 96g being nearest the representa- 
tion 92 of the cutting unit, the yellow stripe 96y being next, and the red 
stripe 96r being furthest away from the cutting unit representation 92. 

The current being drawn by the motor driving each reel can be 
monitored by the cutting unit controller 50 or 150 which information is 
used to activate the indicator bands 94. Thus, by glancing at the in- 
dicator bands 94 r the operator will know the relative current usage of 
each cutting reel. If all of the indicator bands 94 for all of the reels 
are wighin the green vertical stripe 96g, the operator will know that the 
current draw from the reels is acceptable, indicating proper reel to bed- 
knife adjustment on the cutting units. However, if the current draw for 
any one motor of any one reel becomes excessive, and the band 94 associa- 
ted with that reel projects farther than the bands 94 associated with the 
other reels and enters either the yellow or red stripes 96y or 96r, the 
operator knows that the reel on this particular cutting unit is adjusted 
too tightly- against the bedknife.- Manual corrective action can then be 
taken to loosen the reel/bedknife adjustment until the band 94 for the af- 
fected cutting unit drops into a more normal range during future opera- 
tion. Thus, by monitoring the display 90 and keeping the cutting unlets 
properly adjusted, undue current draw from the cutting units can be pre- 
vented. _ v ^c * . , sr. . . . . - , r — I 
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While display 90 illustrates horizontally arranged indicator bands 
94, the entire display 90 could be reoriented by 90* until the reel repre- 
sentations 92 are at the top and the indicator bands 94 extend vertically 
down away from the reel representations 92. This may be preferred since 
this arrangement more naturally mimics the configuration of the cutting 
units on the mower as the operator sits on the seat and looks at display 
90. 

Various automatic reel to bedknife adjustment systems are known for 
automatically controlling the reel to bedknife adjustment, such as shown 
in U.S. Patent 4,335,569 to Keeney et al . , which is incorporated herein by 
reference. If adjusters of the type shown in this patent were in place on 
the cutting* units, the adjusters could be linked~to the- display 90 to 
loosen or control the preset adjustment in accordance with the sensed cur- 
rent draw. For example, as long as the indicator bands 94 are all in the 
green stripe 96g, the adjusters are left at their preset value with the 
reel to bedknife adjustment set to a relatively tight value. However, 
when the indicator bands 94 extend into the yellow or red stripes 96y or 
96r, this is sensed and used to activate the adjusters to automatically 
loosen the reel to bedknife adjustment for the affected reel until the 
band 94 drops back into the green stripe 96g. Thus, the sensed current 
draw that forms the basis of display 90 would be used to automatically 
control the reel to bedknife adjusters to keep all the indicator bands 94 
at a desired level, e.g. preferably within green stripe 96g. 

Another way of using an automatic reel to bedknife system would be 
to allow the system to normally maintain the reel to bedknife adjustment 
at a desired preset value. Then, whenever the operator activates switch 
74 to place the mower into its all battery mode of operation, this would 
be sensed and the reel to bedknife adjustment for all the cutting reels 
would be automatically loosened by a predetermined amount from its preset 
value. In other words, placing the mower into all battery operation would 
automatically loosen the reel to bedknife adjustment on the reels to 
thereby decrease the current draw. When the operator goes back to com- 
bined genset/battery operation by flipping switch 74 back toward the IC 
engine symbol 78, the reel to bedknife adjustment system would then auto- 
matically reestablish the preset value for the reel to bedknife adjustment 
on all the cutting reels. jj 
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The Pr^ve System pf fjg, 5 

Fig. 5 illustrates a slightly different drive system that may be 
used with either of the mowers shown in Figs. 1 or 3 in place of the drive 
system of Fig. 2. In the Fig. 5 drive system, the single DC motor con- 
troller 50 of Fig. 2 has been replaced with dual DC motor controllers 50a 
and 50b. Motor controller 50a is connected to electric motor 18 for trac- 
tion wheel 6a, while motor controller 50b is similarly connected to elec- 
tric motor 18 for traction wheel 6b. Motor controllers 50a and 50b con- 
-trol the application of 48 Volt electrical power from genset 43 and bat- 
tery pack 44. Each motor controller 50a and 50b can comprise a Curtis PMC 
controller . 

In the drive system of Fig. 5, the operational inputs from steering 
wheel 14, traction pedal 13, and the like no longer go directly to motor 
controllers 50a or 50b. Instead, another microprocessor based, master 
electronic controller 51 is used to receive the operational inputs and to 
then in turn control the motor controllers 50a and 50b along with the cut- 
ting unit controller 60 and other machine components. Preferably, master 
electronic controller 51 is powered separately by its own 12 V battery 
power source 53, which power source may also be recharged by the operation 
of genset 43. 

It should be apparent that the Fig. 5 drive system will work quite 
similarly to that of* Fig. 2. When the operator commands forward or 
reverse motion through traction pedal 13, this is sensed by master con- 
trollers 51 which then commands the motor controllers 50a and 50b to apply 
power to traction motors 18 in just the right amounts and in the right 
polarity to achieve forward or reverse direction of mower 2. Ground speed 
feedback from one or both of the traction motors 18 can be applied in a 
closed loop fashion back to master controller 51 or by IR feedback direct- 
ly to each controller 50a and 50b. Similarly, a turn can be sensed by 
controller 51 from the position of steering wheel 14, and the controller 
51 will then command the motor controllers 50a and 50b to^vary the speed 
of the motors 18 to achieve a differential effect in the turn. 

Use of a separate master electronic controller 51 provides mower, 2 

•i 

with many possible sophisticated control features. For example, a sefat 

u 

switch can be installed under the seat 10 on which the operator sits'? to 
determine the presence of the -opera to rj on -the seat. If the seat is empty, 
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then controller 51 can disable operation of the motor controllers 50a and 
50b and motors 18 even if the traction pedal 13 is inadvertently 
depressed. 

The Genset of Fig. 6 

While DC gensets 43 are commercially available from many sources, 
direct current models are relatively expensive to purchase. Fig. 6 il- 
lustrates a DC genset of the Applicants' own design which can be assembled 
relatively inexpensively. 

Referring now to Fig. 6 t the master electronic controller 51 
powered by its own 12 V battery power source 53 is illustrated. "A 48 Volt 
truck alternator 200 is used as the electrical current generating portion 
of the genset. Such truck alternators 200 are relatively inexpensive and 
easily available. 

The magnetic field windings 202 of alternator 200 are controlled by 
a variable 0-12 Volt signal from controller 51. Controller 51 is used to 
control the output of alternator 200 in accordance with the voltage in the 
48 Volt system used to power the mower traction drive and cutting units. 
As the system voltage drops below the 48 Volt nominal full power value due 
to loads imposed on the system or as battery pack 44'is discharged, this 
voltage drop is sensed by controller 51 along the input line 204. Con- 
troller 51 then controls the magnetic field windings 202 of alternator 200 
to allow alternator 200 to begin supplying enough power to the drive sys - 
tem to maintain the desired voltage in the drive system. Thus, controller 
51 also serves as the voltage regulator of the genset and allows an in- 
expensive truck alternator 200 to be controlled with the 12 Volt control 
voltage available to controller 51 to avoid having to purchase a commer- 
cial DC genset. 

The Steering System of Tjg t 7 

Referring to Fig. 7, a steering system 210 for mower 2 or 102 is 
shown which comprises a closed fluid containing system preferably using a 
non- toxic, bio-degradable oil, such as Canola oil. A first rotary pump 
212 is linked to steering wheel 14 or 114. Pump 212 preferably comprises 
a Teleflex HH5762 Seastar 2.4 Helm unit of the type used for the steering 

1 I 
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of boats, A second linear cylinder 214 has its piston rod -216 linked- to 
some linkage 218 for effecting steering of the pivotal yoke 16 or 116 car- 
rying the steerable wheel 6c or 116c of mower 2 or 102. Cylinder 214 
preferably comprises a Teleflex HC5314 cylinder. 

Two hoses 220 lead from pump 212 to opposite ends of second cylinder 
214 with the whole system being filled with a suitable oil, preferably a 
non-toxic, bio-degradable oil. As the operator turns steering wheel 14 or 
114, his muscles provide the power to pump fluid out of one side or the 
other of pump 212, depending on the direction of the turn. This causes a 
corresponding movement of the piston 222 in the second cylinder 214, and 
hence a turning of the steerable wheel by pivoting the yoke. 

The advantage of using this type of steering system 210 in mower 2 
or 102 is that it avoids the need for having a power operated pump that 
pumps a more conventional oil from a reservoir for power steering pur- 
poses. Such a power operated pump and oil become hot. The hot oil will 
damage the turf if a leak develops. However, using a steering system 210 
which avoids the use of a powered pump which heats the oil, means that the 
non- toxic oil contained in system 210 will remain at or close to ambient 
temperature and will not damage the turf even if a leak develops in system 
210. This is a major advantage. In addition, system 210 is easy to fit 
on mower 2 or 102since the flexible hoses 220 can be easily routed from 
steering wheel 14 or 114 to steerable wheel 6c or 106c in a manner that is 
not true of rigid mechanical linkages. - - - t * . -y 

The steering system 210 described herein can be used on any turf 
maintenance vehicle for the same reasons pertaining to its use in mower 2 
or 102 $ namely to avoid damaging the turf in the event of a leak. Accor- 
dingly, steering system 210 is not limited for use with a mower 2 or 102 
having electrically driven cutting reels or an electric traction drive 
system. However, steering system 210 does have particular applicability 
to a vehicle such as the mowers 2 or 102 disclosed herein which avoid 
using conventional hydraulic systems for either powering the mower itself 
or the cutting units. Steering system 210- further adds to the -environmen- 
tally friendly nature of such a mower . 

The Lift and Lower System of Fifts. 8 and 9 / 

Figs. 8 and ? illustrate a lift and lower system 300 for raising and 
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lowering the cutting units 30 of mower 2 or 102, Lift and lower system 
300 -accomplishes this task using only a single electric drive motor 301 
and a novel linkage between motor 301 and cutting units 30. This linkage 
allows cutting units 30 to raise and lower in a timed sequence - some cut- 
ting units 30 will raise and/or lower before others. System 300 is simple 
and durable. 

A lift arm 302 rotatable about a horizontal axis 304 is normally 
provided for each cutting unit 30 as part of mower 2 or 102. Lift arm 302 
engages beneath a portion of suspension 34 to lift upwardly on suspension 
34. and hence on the cutting unit, when lift arm 302 rotates about 
horizontal axis 304. . One such lift arm 302a for cutting^unit 30a is shown 
in Fig. 1. but there is a similar lift arm 302 for each cutting unit. 
Typically, it is desired that the two front cutting units 30a and 30b lift 
before the center cutting unit 30c. The same timing relationship is also 
true for lowering. The two front cutting units 30a and 30b desirably 
lower before center cutting unit 30c lowers. 

Lift and lower system 300 includes a single rotatable crankshaft 306 
mounted by bearings 308 to some portion of mower 2 or 102. Crankshaft 306 
includes a plurality of crankarms 309a, 309b and 309c which are connected 
to one end of connecting rods 310a , 310b and 310c, respectively. The 
other end of the connecting rods are connected to links 312a, 312b and 
312c carried on lift arms 302 of cutting units 30a, 30b and 30c, respec- 
tively. The crankarm and connecting rod linkages to the two front cutting 
units 30a and 30b are identically connected to crankshaft 306 so that 
these two cutting units will lift and lower together. The crankarm and 
connecting rod linkage to the center cutting unit 30c is different so that 
the lifting and lowering of this cutting unit is timed to occur at dif- 
ferent times than that of the front cutting units 30a and 30b. 

A means is provided for rotating crankshaft 306 in discrete amounts 
of rotation, preferably in 180* increments. This means includes a drive 
wheel 314 mounted on crankshaft 306. Drive wheel 306 is engaged by a worm 
316 that is rotated by a single electric drive motor 301. Drive motor 301 
is designed to rotate, worm 316 and drive wheel 314 to rotate crankshaft 
306 in a first increment of rotation to raise cutting units 30, i.e. from 
0 to 180° , and to then subsequently rotate crankshaft 306 in a second in- 
crement of rotation to lower cutting units 30, i.e. from 180 to 360°.^ 

Referring now to Fig. 9, the operation of lift and lower system 300 
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is illustrated by the solid and phantom lines of the components. The com* 
ponents are shown in solid lines in the position they would have when cut- 
ting units 30 are lowered onto the ground. The components are shown in 
phantom lines in the position they would have when cutting units 30 have 
been raised from the ground for the purpose of transport or the like. 

If it is desired to raise cutting units 30 from their lowered posi- 
tion shown in solid lines, crankshaft 306 is rotated counter-clockwise 
180° by motor 301, worm 316 and drive wheel 314. During the initial por- 
tion of this increment of rotation, the connecting rods 310a and 310b to 
the two front cutting units almost immediately begin to rise due to where 
they connect to their respective crankarms 309a and 309b and the orienta- 
tion of these crankarms on crankshaft 306. Thus, the lift arms 302 for 
the two front cutting units begin to rotate counter-clockwise quite soon 
during the initial portion of this increment of rotation of crankshaft 306 
to raise the two front cutting units. However, in this initial portion of 
this increment of rotation, the connecting rod 310c to the center cutting 
unit first dips down and then translates horizontally before beginning to 
rise because of its different crankarm geometry. Thus, as crankshaft 306 
rotates from 0 to 180° , the two front cutting units 30a and 30b are raised 
first and then the center cutting unit 30c follows until the components 
reach their phantom line positions shown in Fig. 9. 

The lowering of cutting units 30 works similarly. As crankshaft 306 
rotates from 180* to 360°, the first portion of this second increment of 
rotation causes the front cutting units 30a and 30b to begin to lower be- 
fore the center cutting unit 30c. Thus, cutting units 30 raise and lower 
in a properly timed relationship simply by virtue of their different 
crankarm geometries relative to crankshaft 306. 

The use of a single drive motor 301 rotating a single crankshaft 306 
to lift and lower all cutting units 30 has numerous advantages. It has 
far fewer components than when using a separate electrical actuators or 
raotdr for each cutting unit. Obviously, in system 300 there is only one 
drive motor instead of three . In addition, fewer limit switches and the 
like are needed in system 300. Accordingly, lift and lower system 300 is 
simpler and less expensive than many other similar systems known in the 
art. j 

While mower 2 has been illustrated as a riding mower herein, it:* is 
; obvious that the -principles thereof -can be applied to walk behind mowers 
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as well. Moreover, cutting units 30 can have other forms than that shown 
herein, e.g. cutting units having rotary blades. In addition, the princi- 
ples of this invention can be applied to turf maintenance vehicles other 
than mowers or to turf maintenance operating units other than cutting 
units. For example, the lift and lower system 300 shown in Figs. 8 and 9 
can be used to lift and lower other types of turf maintenance operating 
units carried on a vehicle, such as other turf cutters, sand trap rakes, 
or grooming, thatching or rolling implements. Accordingly, the scope of 
this invention is to be limited only by the appended claims. 



it 
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We Claim: 

1. An electrically driven turf maintenance machine , which com- 
prises : 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground; 

(c) at least one electric motor operatively connected to 
at least one of the ground engaging wheels for propelling the wheel to 
provide traction for the frame; 

(d) at least one operating unit carried on the frame for 
performing a turf maintenance operation; 

(e) at least one electric motor operatively connected to 
at least one operating unit for powering the operating unit; and 

(f) an electric drive system cariied on the frame for 
providing electric power to the electric motors, the electric drive system 
comprising: 

(i) an internal combustion engine; 

(ii) an electric power generating device me- 
chanically driven by the engine for supplying electric power; 

'*••■' "*.\ ' '(iii)' a battery power source . for supplying «lec-_ 

trie power; and 

^ (iv) means for connecting the electric motors 

to the electric power generating device and to the battery power source to 
allow electric power to be supplied to the electric motors from either or 
both of the electric power generating device and battery power source. 

2. A machine as recited in claim 1, further including a switch for 
shutting off the internal combustion engine to thereby disable the elec- 
tric ppwer^ generating device, ^thereoy "making the battery^ power source the 
sole source of electric power for the electric motors. 

3. A machine as recited in claim 2, whereby the switch is selec- 
tively operable under the control of a user of the machine to allow^the 
user to select when the battery power source shall serve as the sole 
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source of electic power for the electric motors. 

A. A machine as recited in claim 2, further including means for 

sensing a state of charge of the battery power source, and means for 

reporting the state of charge of the battery power source to a user of the 
machine .. 

5. A machine as recited in claim A, further including a display for 
indicating to a user of the machine when the state of charge of the bat- 
tery power source is below a predetermined minimum level. 

6. A machine as recited in claim 5, further including means for 
preventing operation from only the battery power source when the state of 
charge of the battery power source is below the predetermined minimum 
level . 

7. A machine as recited in claim l t wherein the electric power gen- 
erating device is connected to the battery power source to recharge the 
battery power source during operation of the internal combustion engine. 

8. A machine as recited in claim 1, wherein the Electric power gen- 
erating device comprises an alternator. 

' 9.,, A machine as recited in claim 8, further including a controller 
for controlling the application of electric power to the electric motors, 
and wherein the controller is further connected to the magnetic field 
windings of the alternator to control the operation of the alternator. 

10. A machine as recited in claim 1, wherein two of the wheels on 
the frame are individually driven by separate electric motors each of 

which are connected to the electric drive system. 

v 

11. A machine as recited in claim 10, wherein the machine has a 
steering wheel to allow the machine to be turned, and further including a 
controller for controlling the supply of electric power from the electric 
drive system to the electric motors, wherein the controller has mefcns 
responsive to a turn effected by movement of the steering wheel to vary 

! 
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the power supplied to the individual electric motors to effect a differen- 
tial action during the turn. 

12. A machine as recited in claim l t wherein the machine comprises 
a grass mowing machine, and wherein the operating unit comprises a grass 
cutting unit. 

13: A machine as recited in claim 12, wherein the grass mowing ma- 
chine comprises a riding lawn mower. 

14. A turf maintenance machine, which comprises: 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground, wherein 
at least one of the wheels is steerable to allow the frame to be turned; 
and 

(c) a steering system for steering the steerable wheel; 

which comprises : 

(i) at least one steering control adapted to be 
selectively moved by a user of the machine; 

(ii) a pump operatively connected to the steer- 
ing control such that movement of the steering control serves as a motive 
force for pumping a fluid out of one side or the other of the pump asvthe 
user operates the steering control; and 

& (iii) a cylinder having a piston mechanically 

linked ito the steerable wheel, the cylinder being fluidically coupled to 
the pump such that fluid flow from the pump acts on the piston to cause 
the piston to move in and out of the cylinder to thereby steer the 
steerable wheel, 

whereby the fluid contained in the pump and cylinder is 
not "heated during operation of the pump and will not damage the turf as a 
result of any leakage. r 

15. A machine as recited in claim 14, whereby the fluid comprises, a 
bio-degradable oil. f 

16. A machine as recited in claim 14, wherein the steering control 
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comprises a rotatable sneering wheel. 

17. A turf maintenance machine, which comprises: 

(a) a frame; 

(b) a plurality of ground engaging wheels attached to 
the frame for supporting the frame for movement over the ground, 

(c) a plurality of operating units carried on the frame 
for performing a turf maintenance operation; and 

(d) a lift and lower system carried on the frame for 
raising and lowering the operating units, wherein the lift and lower sys- 
tem comprises: ~ ~ 

(i) a rotatable crankshaft; 

(ii) a plurality of crankarm and connecting rod 
linkages for connecting each of the operating units to the crankshaft; and 

(iii) means for rotating the crankshaft such 
that rotation of the crankshaft in a first increment of rotation raises 
the operating units and rotation of the crankshaft in a second increment 
of rotation lowers the operating units. 

18. A machine as recited in claim. A machine as recited in claim 
17, wherein the crankshaft rotating means comprises a powered motor. 

19. A machine as recited in claim 17, wherein the crankshaft rotat- 
ing means comprises a single electric motor. 

,,20. A machine as recited in claim 17, wherein the crankarm and con- 
necting rod linkage to at least one of the operating units differs from 
the crankarm and connecting rod linkages to other of the operating units 
to allow the at least one operating unit to raise and lower at different 
times than the other operating units during the first and second incre- 
ments of rotation. 

21. A machine as reciced in claim 17, wherein the means for rotat- 
ing the crankshaft effects uni-directional rotation of the crankshaft such 
that the second increment of rotation follows the first increment of ro,ta- 

txon. ;/ 

9 
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22. A machine as recited in claim 21, wherein the first increment 
of rotation is from 0 to 180° of rotation of the crankshaft and the second 
increment of rotation is from 180 to 360° of rotation of the crankshaft. 



9 
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